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.1\. ABSTRACT
"',, '; ,I., -' .
1l1emfluenceof externalfactorslike relativehumidity(0) andambienttemperature
.m on ~hemoistureabsorptionbehaviourof permeable{Jute-Epoxy)Landimpermeable
(GI~.~J;:poxyand Graphite-Epoxy)typesof compositeswerere~'!1~: Therespective
equilibriUmmoisture contents(M~ and Mm) increasedexponerlnWlyv.ith relative
humidity.The diffusioncoefficientsof both typeof composites~:and Dc)increased
with ambienttemperatureand could be representedby an ArrhefiitYsrelationship.
The permeablecompositeshowed a higher exponentialpower on the relative
humiditytermthan theimpermeablecomposite(2.64for Jute compositeascompared
to 2.0 reportedby ShenandSpringerfor a graphitecomposite)anda loweractivation
energyfor diffusion (0.9x 103cal. mole-t for the jute compositeas comparedto
4.429x 103cal. mole-tobtainedfor a glasscomposite).Thesetrendswereattributedto
the fibre permeabilityleadingto differentdiffusion barriersin suchcomposites.
INTRODUCTION
l\. Ar°ISTUREABSORPTION IN POLYMER COMPOSITES IS INFLUENCED BY
1,. Jlinternal (fibre fraction and its orientation)and external(relative
humidityandambientemperature)factors.
Investigatorslike ShenandSpringer[1]reportedon theinfluenceof these
factorsonthemoistureabsorptionin graphite-epoxycompositesrepresenting
theimpermeabletypecomposites.Rao [2]for thefirsttimeinvestigatedthe
influenceof both thefactorson the absorptionbehaviourof a jute-epoxy
compositedenotingthepermeabletypecomposite.Raoetal [3]subsequently
reportedthat,thedisparitiesin themoistureabsorptionbehavioursof both
.Professor,DepartmentofChemicalEngineering,IndianInstituteofScience,Bangalore.
"Head, R&DCentre.EverestBuildingProductsLtd.Bangalore.
246 Journal a/REINFORCEDPLASTICSANDCOMPOSITES,Vol. 3-July 1984
0731-6844/84/03/0246-085 4.50/0
? ]984TechnomicPublishingCo., Inc.
MoistureAbsorptionin PolymerComposites:ExternalFactors 247
classof compositesundertheinfluenceof theinternalfactorsstemmedoutof
theveryfibrenature. .
In this paper,theauthorsreporttheinfluenceof externalfactorson the
moistureabsorptioncharacteristics(equilibriumabsorptionand diffusion
coefficient),of permeableand impermeablecompositesby considering
respectivelythejute-epoxyandtheglassandgraphite-epoxycomposites.
THEORY
Effectof AmbientTemperature(T)- The ArrheniusRelationship
Any activatedprocesscanbeconvenientlycharacterisedby anArrhenius
relationship.For the compositesunder consideration,the temperature
dependenceof respectivecompositediffusioncoefficientscanberepresented
as,
Dc = Do exp-E4IRT impermeablecomposite (1)
,
Dc'=Do'exp-EdlRT permeablecomposite (2)
Wheretherespectivediffusioncoefficientscanbecalculatedusingthefollow-. .
mgexpreSSIOns,
(
M-M
)
2
].Jf: - Jil i.,..
(~=~t)S!]
~:l>~otbetweenthe diffusion coefficient and liT, wtlbthen be helpful in
~~valuatingthepre-exponentialfactor(Door DJ andtheta:ctivatione ergyfor
.'diffusion(E~'orE;). Thatthecompositediffusioncoefficientsincreasewith
temperaturereadilyindicatesthat, equilibriumabsorptionconditionsare
reachedfaster,thehigherthetemperatureis, sincethesaturationtimes(tmor
t:'J are relatedto respectivediffusioncoefficientsinverselyas reportedby
ShenandSpringer[1].
., D<=n[(4~J '
~:=n [(4~J'
(3)
~,._\,I
,1-"'1:~'f
I I (4)
Effect of RelativeHumidity0
Shenand Springerreportedthat, the equilibriummoisturecontentof a
compositeis relatedexponentiallyto therelativehumiditytermandaccord-
ingly, the following two expressionsmay be written to representthis
dependence.
M... =a 0b impermeablecomposite (5)
M:' = A 0B permeablecomposite (6)
- --- uu _u -
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Theconstants(a,b)and(A,B) havetobeevaluatedexperimentally.
EXPERUWENTALPROCEDURE
Commercialgradejute-fibresof Immdiameterand8endE-glassrovings
wereusedwitha laminatingradeepoxysystem(LY 556resinandHT 972
hardener,suppliedby Ciba Giegy),to- prepareunidirectionalcomposite
laminatesof 2mmthickness.Detailsof laminatefabricationandspecimen
preparationwerereponedelsewhere[3].
Moistureabsorptioncurveswereobtainedforjuteandglasscompositesby
exposingthespecimensto variousrelativehumidityconditions(32070,76070,
920/0and98070)simulatedasperthespecicationsof ASTM E-I04 usingsuper
saturatedsaltsolutions. -
To studythe temperatureffect,specimenswereimmersedin distilled
waterat differenttemperatures(298oK,313~ and333oK)andmoistureab-
sorptiondataobtainedbyweightC;iifferencetechniqueasreponedearlier[3].
All thesedatawereobtainedonspecimenswithrespectivevolumefractionsof
0.7,for bothtypeof composites.Composi(e.::diffusionc efficientshavebeen
calculatedusingEquations(3)and(4).'i:C:'
-, " ",'"
::JC -,
to,T'.,...tr.
RESULTS AND Dt~<tPSSIONS
:.:" ,I",
~' .!.',
Effectof AmbientTemperature(T) 1;/'
Figure1showsthemoistureabsorptioncurvesfor thejutecompositeat
differentambientemperatures.The slopesof thecurvesincreaseas the
temperatureis increased,whiletheequilibriumabsorptionlevelsremain
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Figure ,. Moistureabsorptioncurvesof jute-epoxycompositeat differentemperatures
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essenti~IYthesame.TheArrheniusplotisshowninFigure2.Thediffusion
kineticsparameters'ascalculatedfromthefigureareasfollows.
Do'= 1 X 10-2em"sec-'
E; = 0.9x 1()3ealmole-'
Thetemperatured pendenceof thecompositediffusioncoefficient(Dc~can
thereforebewrittenas,
Dc'= 1 X 10"3exp.O.9x UP/RT (7)
Figure3andFigure4showthedatafortheglass-epoxycompositeunderthe
influenceof differentemperatur~.Thekineticsparametersfor thiscom-
positeare,
Do= 1 X 10"'em2see-'
Ed =4.429x UP eal.mole-1
TheArrheniusrelationshipfor theglasscompositeistherefore,
.' Dc=1X 10"1exp-4.429x 103/RT (8)
~jr;;,i'''ri :
Comparisonoft~quations(7)and(8)showsthat,thejutecomposite':~hasa
loweractivatiQft<~nergythantheglasscomposite,indicatingaweakeri:diffu-
-.;~':?e.: ,.,~...p:;"., ~!)JSD'
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RgurB 2. Arrhenius relationship for thejute-epoxy composite (V; =0.70).
-I.
-5r--__-
-6
0
250 R.M. V.G.K. RAo, MANAS CHANDA AND N. BALASUBRAMANIAN
3.0
T: 333°K
2.0
,
40 120 1l.0 160
~
:£ I
1.0L
60 80 100
./! . (hd12
Figure'3. Moistureabsorptioncurvesof glass-epoxycompositeat differenttemperatures
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sion barrierin this compdsite.This largelyaccountsfor thehighdiffusion
coefficientvaluesobserve(Linthiscomposite..l. ,
Effect of RelativeHumidity0
The effectof relativehumidityonthemoistureabsorptionof thejutecom-
positeis shownin Figure5 andFigure6 showsa plotof log(M:'J againstlog
(0). The followingequationcanthereforebeobtainedfrom this figure.
M:' =0.00003(0) 2.6-4 (9)
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Figure4.Arrheniusrelationshipfortheglass-epoxycompositerv;=0.70/.
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figure 5. Effectof relativehumidityon the moistureabsorptioncharacteristicsof jute-epoxy
composite (V; =0.70,T =298°KJ.
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Figure 6. Therelationshipbetweenlog(M:")andlog (4))forjute-epoxycompositerv; =0.70,
T = 298°KJ.
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Table 1.Diffusion characteristics of jute-epoxy and glass-epoxy
composites- overall comparison.
Diffusion
Property
Epoxy
Resin
Jut&-Epoxy
Composite
(Vi =0.7)
8.5
Glass-Epoxy
Composite
(V, =0.7)
20Mm(%)
D~or Dc
Ed or ~
(cal. Mole-')
D~or Do
(Cm1Sec-l)
32
8.3 x 10-10 4.4 X 10-9
0.9 X 103
9..2 X 10-11
4.42 X 103
1 X 10-3 1 X 10"1
Fickian
Model
Applicable Applicable Applicable
EarlierShenandSpringer[1]gavethefollowingexpressionfor a gP~phite-
epoxyunidirectionalcomposite, :crio
M...=0.0004(0p.o (10)
Comparisonof Equations(9) and (10)indicatesthat, thepermeablefibre
Uute)compositeischaracterisedbyahigherexponentialpowerontherelative
humidityterm,whichaccountsfor thehighmoistureabsorptionlevelsinsuch
composites.This is alsoconfirmedby the dataon glass-epoxyfor which
BonniauandBunsell[4]obtainedtheexpression, .
M... =0.01(0)1 (11)
Table1, showstheimportantdiffusioncharacteristicsof thejuteandglass
epoxycompositesubjectedto identicalconditionsof exposure.
CONCLUSIONS
Temperaturedependenceof the diffusion coeffidentsof permeableand
impermeablefibrecompositescan berepresentedby anArrheniusrelation-
ship.
Equilibriummoisturecontentsof bothtypeof compositesareinfluenced
alikebythechangesin relativehumidity.The lowactivationenergyof diffu-
sion in the jute compositeand a high exponentialpoweron the relative
humiditytermindicatea weakerdiffusionbarrierinthepermeablecomposite
andlargelyaccountfor thefasterdiffusionprocessin suchcomposite.
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